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Summarz

In 1948 and 1952, Lundberg-Palmgren published the definative
basic work on the prediction of rolling bearing fatigue life
utilizing empirical factors based on existant technology. Newer
materials and processing techniques are now providing the means
to improve bearing life., Since 1950, a considerable amount of
information has been generated on rolling bearings manufactured
from materials other than conventional 52100 steel. In addition,
the effects of certain bearing operational parameters on bearing
life have been studied. As a consequence, modifying factors,
accounting for the influence of materials, processing techniques
and equipment operational characteristics, i.e. 0il film thick-
ness and speed, have been defined and can now be employed in the
estimation of bearing fatigue life.

el

s

The current 1ndustry formulation of the r0111ng bearlng life
calculation equation is Lp' = ay a2 a3 (c/pyv¥ , where w is 3 for
point contact and 10/3 for line contact. Life modification
factors, a1, a;, and a allow the user to consider increases in
bearing life produced gy technological advances and the influence
of the specific application conditions. One of these factors,
ap, is related to the material analysis and material processing
va .ables. It is an important consideration in rating bearings
for Army heliceopter applications where multiple vacuum processed
(VIMVAR) M-50 tool steel is most commonly used,

The Department of the Army has a need to verify the mater-
ial and application life factors of rolling element bearing life
calculations in order to more accurately rate the life potential
of rolling bearings over the entire range of service applications
seen in Army helicopters.

In Phase I of a study conducted for the U. S. Army Aviation
Research and Development Command (AVRADCOM) under contract No.
DAAKS0-77-C-009, reported in AVRADCOM TR 79-35, a survey gt 0 ‘
was conducted to accumulate 1ife data achieved from rolling
contacts manufactured from M-50 tool steel and these data were
statistically analyzed. Material and lubrication factors were
determined using this data base, enabling a more accurate cal-
culation of the potential 1life of a bearing. In addition,
experimental endurance life data were accumulated on three
specific groups of rolling bearings manufactured to Vacuum
Induction Melted Vacuum Arc Remelted (VIMVAR) M-50 steel.
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The current work reported here in under Phase II is a
continuation of this work conducted under U. S. Army Contract
Number DAAKS50-78-C-0027. The existing data base has been
expanded with the addition of experimental endurance life data
obtained on five 10 bearing lots of 7309 angular contact ball
bearings manufactured from VIMVAR M-50 tool steel. These groups
were tested under various conditions so that the effects of
lubricant type, viscosity, speed and operating temperature on the
life modification factors could be evaluated.

Additionally, the data base was statistically interrogated
to establish whether any systematic life variations existed as
functions of variations in the defined operating parameters.
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PREFACE

This report presents the results of an analytical and
experimental study conducted by SKF Technology Services for the
U. S. Army Aviation Research and Development Command, St. Louis,
Missouri 63166 under Contract No. DAAKS50-78-C-0027. This
report encompasses effort conducted from 27 December 1978 to
31 August 1979,

¥ Technical direction for the U. S. Army was provided by
Mr. Harold Schuetz, the Contracting Officers Representative.

The principal investigators from the SKF Mechanical Labor-
atories who worked on this project were Mr. N. J. Ninos -
Scientist and Project Leader: Mr. F.R. Morrison - Supervisor,
under whose direction the work was accomplished; and Mr. J. I.
McCool - Senior Mathematician who performed the statistical data

analysis.
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I. INTRODUCTION

A. Background and Objectives

Rolling bearing fatigue life was originally quan-
tified through life prediction theories developed by Lundberg-
Palmgren [1 and 2] . Subsequently, these theories were adopted
by the International Standards Organization, the American
National Standards Institute and the majority of rolling bearing
manufacturers in the world as the primary means of predicting
bearing lives for potential applications. The empirical factors
included in these theories were based on 52100 type steel bear-
ing data collected prior to 1950.

According to the formulas developed by Lundberg and Palm-
gren, the estimated life that 90% of a group of bearings will
achieve or 10% of the bearings will fail before are:

3
for Ball Bearings Lig =(g)

c 10/3
for Roller Bearings L10 =(F)

where:
L1y = Rating life in millions of revolutions
C = Basic load rating in pounds. (The load which will
give a rating life of one million revolutions)
P = Equivalent radial load, 1bs.

(1] Lundberg, G. and Palmgren A., "Dynamic Capacity of Rolling
Bearings", Acta Polytechnica, Mechanical Engineering Series
1, Proceedings of the Royal Swedish Academy of Engineering,
Vol. 7, No. 3, 1947.

[2] Lundberg, G. and Palmgren A., "Dynamic Capacity of Roller
Bearings', Proceedings of the Royal Swedish Academy of
Engineering, Vol. 2, No. 4, 1952,

1
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However, technological advances in the areas of bearing

- design, materials and manufacturing techniques have significantly 1
b 1 increased the actual fatigue life of bearings. Life predictions

k- calculated by the Lundberg-Palmgren method may be conservative,

y | and a new life calculation formulation is required to accurately

. reflect the available life improvements. Concurrently, a better

P understanding of the influence of system operational factors on

; bearing performance and longevity has been established. These

- parameters are now taken into consideration when determining the

o expected life of a bearing according to the following formula: .

Lh' = ay a; az Ly

where:
L,' = the adjusted theoretical fatigue life

FrT RYLTORIErY

a; = life adjustment factor for reliability (90%=1)
a, = lire adjustment factor for bearing material ‘
az; = life adjustment factor for application

conditions

The inclusion of the a, az life adjustment factors in the
formulation allow the user to consider the effects of bearing
material and operating conditions on the potential 1life of the
system. These are important considerations in rating bearings
for Army helicopter applications where a wide range of operating
conditions are experienced and where a premium long life bearing
material, vacuum melt M50, is utilized.

. oM

At the present time the values assigned to the a; ag
factors for these calculations vary and depend upon tﬁe specific
recommendations of the airframe or engine manufacturer and bear-
ing supplier involved in each individual design case. Reasons
given for the existence of these variations range from differen-
ces in experimentally collected life data, to differences in
environmental conditions which do not adequately take into
account the influence of the a3 application factor. The ambiguity
in the calculation of the theoretical life of a given bearing
design caused by the inconsistency in the values assigned to
these factors makes it difficult to evaluate the potential
adequacy of a proposed helicopter system design. The need
existed, therefore, to establish a consistent base value of a
for vacuum melt M-50 material, and to examine the quantification
of the material-application factor combination a; az over the i
entire range of conditions encountered in helicopter applications.

g

2 R
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The direct establishment of a factor modifying the bearing

) life formula is an extensive task. Rolling bearing life is a
P 1 statistical function that contains a significant degree of

1 scatter within any one experimental lot. Furthermore, significant
life variations are noted between experimental lots as a result
3 of yet undefined variations of material melt lot, manufacturing
B processes, environmental conditions, etc. Therefore, it is

- necessary to consider a large volume of data prior to the estab-
lishment of statistically valid life modifying factors.

- | A significant amount of life test data accumulated under a
variety of test conditions now exist from bearing and element
test specimens which were manufactured of vacuum processed, CVM
(consumably vacuum melted) and VIMVAR (vacuum induction melted,
vacuum arc remelted) M-5C tool steel. These data were compiled
along with the respective test conditions, under Phase I of a
program sponsored by AVRADCOM under Contract No. DAAKS50-77-C-009
and reported in AVRADCOM TR 79-35 to form the basis for the
derivation of a value for the material factor a,.

The statistical treatment of these data yielded a best
estimate of the a, material factor for both CVM and VIMVAR pro-
cessed M-50 tool steel of 3.55. This suggests that for most
) aerospace applications where good lubrication exists, i.e.

; indicating a lubricant film factor of 2 to 3, the use of a total
life multiplication value, az az, ranging from 6 to 10 is
justified.

The data base used to generate these preliminary estimates
contained only a small number of VIMVAR processed lots. Thus
the values are strongly biased by the CVM processed lots,

VIMVAR is now the standard melting process used for M50 steel

and it is expected to provide a further life increase over that
available from CVM processed material. The aim of Phase II was
to extend the data base for VIMVAR M-50 tool steel bearings by
adding life information based upon several specific combinations
of operational conditions. These additional data will strengthen
the statistical significance of the estimated value of the life
factor for VIMVAR processed M-50 tool steel.

Additionally, during the Phase I effort, the data base was
interrogated to establish if the effects of some basic parameters
considered to be inherent in the life estimation process, eg.
size, stress, lubricant film effects, were adequately considered.
This examination provided a degree of confidence in the way these
specific parameters are handled in bearing analysis. A number of
additional variables that are currently not directly included in

. PR Vel R
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the calculation process are also open for consideration. These
include variations created by operating parameters such as bear-
ing speed, operating temperature, bearing design and type, and
lubricant chemistry. The identification of a parametric relat-
ionship which needs to be included in the life estimation process
could be of significant interest to bearing users and suppliers;
and could provide a means of adding further confidence to the
calculation of predicted bearing lives for future applications.

Accordingly, the objectives of Phase II of the extended
program reported herein, and conducted under U. S. Army Contract
No. DAAKS50-78-C-0027 were established to be as follows.

1. Search the available data base for variations in operational
parameters and examine the influence of these variables on
bearing life.

2. Expand the data base on VIMVAR M-50 tool steel through tests
aimed at assessing the influence of operational parameters,
i.e., load, speed and lubricant type on bearing life.

3. Establish improved life modification factors for use in the
calculation of rolling element bearing lives to account for
variations in lubrication conditons and to compensate for life
increases achieved through the utilization of VIMVAR M-50 tool
steel.

These additional data will allow AVRADCOM to more accurately
relate to the life potential of rolling contact bearings over a
greater range of operational conditions occurring in Army heli-
copter service.
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B. Statement of Work

The following work has been performed by the SKF Technology
Services as agreed and outlined in Contract No. DAAK50-78-C-0027.
The first part of this study deals with a statistical review and
analysis of all available test data; and the second part is concerned
with the expansion of the data base through the testing of full
size rolling bearings manufactured from VIMVAR M-50 steel,.

(1) Part I - Statistical Analysis

A search has been made of the available data base to
establish variations in operational parameters, and where these
variations were of sufficient quantity and variety, an examination
of the influence of these variables on hearing life was conducted.

(2) Part II - Endurance Tests on Rolling Element Bearings

(a) Endurance Test Bearing Specimens and Test Schedule

The test vehicle used in this study is a 45 mm bore, 7309

VED angular contact ball bearing manufactured from aircraft cer- J
tified Vacuum Induction Melt, Vacuum Arc Remelt (VIMVAR) M-50

tool steel. Fifty bearings were manufactured by SKF Technology
Services for the purpose of determining the influence of opera-
tional parameters on endurance. Five groups of ten bearings

have been run under four different sets of conditions and lub-
ricated with a synthetic jet engine fluid conforming to MIL-L-23699.
A fifth group was run under one of the same sets of test i
conditions using a synthetic jet engine lubricant conforming to
MIL-L-7808H to assess the influence of lubricant chemistry on

bearing life.

(b) Material and Lubrication Factor Determination !

The endurance results of these five tests have been {
statistically integrated into the data base previously obtained
and the expanded data analyzed to establish new values of the a
material factor and a3z application factor,
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IT. M-50 LIFE DATA COLLECTION AND ANALYSIS

A. Data Collection

The initial analytical activity of this phase of the program
was conducted using the preexisting data base. The assembly of
the data was previously conducted under U. S. Army Contract No.

DAAKS50-77-C-0009 and has been described in detail in AVRADCOM
Technical Report TR 79-35.

B. Data Search and Data Base Expansion

The data base consisted of the values of 13 distinct
variables for each of 306 element and 53 bearing tests. During
the conduct of Phase II, the values of four additional variables
were determined by searching through the source material for each
case in the life test data base. These were then added to the
data base bringing to 17 thetotal number of variables recorded
for cach test. The supplementary variables are shaft or spindle
speed in RPM, test temperature (°F), lubricant type and lubricant
viscosity (cs).

Table 1 shows the data form used for recording and encoding
the original 13 variables for each life test. The name by which
cach variable is identified in the output of the statistical
programs used to process the data, is shown capitalized and
underlined. The card columns into which each variable value is
punched are given on the right hand side of the form.

Table 2 shows the supplementary data form used for record-
ing and encoding the four additional variables for each life
test.

In addition to the 17 independent variables recorded for
each test, the values of five additional dependent variables
were calculated as described in AVRADCOM TR 79-35 and
used in the analysis effort.
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TABLE 1
AVRADCOM M-50 STUDY
DATA FORM
» Card Col.
1. REF - Reference Number [P S S
1-4
2. TYPE - Tester Type
01) GE RC Rig 02) 4 ball tester
03) 5 ball tester 04) other element tester
10) single row deep groove ball bearing
11) angular contact ball bearing
12) cylindrical roller bearing
13) tapered roller bearing
14) spherical roller bearing ——
5-6
3. MAT - Material Type
1) Air Melt 2) CWM 3) Multiple CVM —
4) VIMVAR 5) Other 7
4. PROC - Material Processing
1) Standard 2) Ausformed 3) Powder —
8
5. STRESS - Max. Contact Stress on Test Element ———
(ksi) 9-11

6. SIZE - Test Element Size

Test specimen radius (in.) for element tests
Bore size (in.) for rolling bearings 12-16

7. H - Film Thickness (microinch)

17-2
8. SIGMA - Composite Surface Roughness (microinch) —,——a
21-23
9. LIOTH - Theoretical Ljg Life (millions of —
revolutions) 24-30°
10. X - Sample Size WO S T
31-33
11. R - Number of Failures
) L 34-36 ;
12. LIQEX - Maximum Likelihood Experimental Ljn Estimate bbbl 1
{million of revolutions) (No Bias Correction) 37-43°

13. BETA - Experimental Weibull Slope Estimate T T
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i TABLE 2
AVRADCOM M-50 STUDY
DATA FORM SUPPLEMENT

Card Col.
14. SPEED - Spindle Speed (RPM) o )
- 50-54 .
15. TEMP - Test Temperature (°F)
5§-§7 [
16. LUBE - Test Lubricant Type
01) MIL-L-23699
02) MIL-L-7808
03} Paraffinic Mineral 0il
04) Naphthenic Mineral 0il
05) Tetra Ester
06) Grease
07) Other Mineral 0il
08) Other Svnthetic 0il
58-59
17. VIS - Viscosity (cs)
D | VO S T w—
60-63
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' These dependent variables are identified as follows:

H/SIG = H + SIGMA, the lubricant film parameter

FILFAC = The lubricant film life multiplication factor.
FILFAC is computed as a function of H/SIG using
the following piecewise approximation to the
ASME curve presented in [3].

FILFAC H/SIG
0.2 <0.6

0.75(H/SIG)0.25 0.6 to 1.0

1.75(H/SIG)-1.2 1.0 to 2.0

0.114(H/SIG)+1.97 2.0 to 9.0
3.0 >9

MATFAC LIOEX/(LIOTH x FILFAC) ; the calculated

material factor for a given test i.e. the
value by which the classically calculated
theoretical Ljg life must be multiplied to
account for the fatigue resistance of the

given material.

LOGMAT = LN (MATFAC), the natural logarithm of MATFAC.
As shown in AVRADCOM TR 79-35 the
distribution of MATFAC is highly skewed to
the right, while its logarithmic transformation
LOGMAT is very nearly normally distributed.

WTFAC

R (LOGMAT), the value of LOGMAT weighted by
the number of failures in each test was also
calculated.

[3] Bamberger, E. N., Harris, T. A., Kacmarsky, W. M. Moyer,
C. A., Parker, R. J., Sherlock, J. J., and Zaretsky, E. V.,
Life Adjustment Factors for Ball and Roller Bearings, The
American Society of Mechanical Engineers, 1971. |
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It was found in PHASE I that WTFAC did not improve
the precision of interval estimates of the material factor
and so was not used. It was nevertheless calculated in the
PHASE II data processing since the program was not altered to
delete this function.

‘- Appendix A contains a summary of the 22 variables accumu-

. lated for each of the 306 element tests. Appendix B summarizes
- the values for the expanded data base of 58 bearing tests i.e.

including the five groups tested during this program. These ‘
B Appendixes were generated using program BMDPID of the computer '
' program package BMDP (August 1977 Revision) developed at the

g Health Sciences Computing Facility, UCLA [4].

[4] The Health Sciences Computing Facility is sponsored by NIH
Special Research Resources Grant RR-3.
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C. Statistical Summary

Table 3 is a summary produced by program BMDP1D giving for
each of the 22 variables among the 306 element tests.

. 4

ﬁ (1) the mean or arithmetic average, X

(2) the standard deviation S

(3) the standard error of the mean (S//300)

(4) the coefficient of variation S/f

(5) the smallest and largest values

(6) the smallest and largest values standardized by the
standard deviation. This is termed Z - score in
Table 3.

: (7) the range, i.e. the difference between the largest and
;. smallest variable value, and

] (8) the frequency count for each variable.

Table 4 is the corresponding summary for the bearing test
data. The addition of the five VIMVAR tests has had a very minor
effect on the bearing data as a whole. The mean value of LOGMAT
has increased from 1.14 to 1.15 while its standard deviation has
decreased from 1.57 to 1.53. (The new tests have a substantial
impact on the VIMVAR M-50 subset of the data base however).

o ez

veap

The smallest value column in Table 4 reveals the presence
of two cases for which the stress was unknown and hence recorded
as zero, and two tests for which no failures were obtained.

Table 5 is a 2-way contingency table prepared using program
BMDP2F showing how the 364 data base entries are distributed over
lubricant and material tvpes. 76% of the tests were run using
MIL-L-23699 lubricant and 14% were run using MIL-L-7808 lubricant.
There were a total of 16 tests with VIMVAR M-50 steel. Tor the
bulk of the tests (87%) the material was CVM, Table 6 is a
2 way table for tester tvpe and material. It shows that the
element tests (type€4.0) are dominated by the Rc¢ rig. The
bearing tests are dominated by single row deep groove and angular
contacts in approximately equal proportions. 10 of the 16 VMMVAR
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M-50 steel tests were performed on bearings, 9 of which were
angular contact. Two angular contact tests could not be ident-
ified by material type and are shown having MAT=0.

Table 7 is a two way table for tester type and lubricant.

0f the bearing tests, 19 were run with MIL-L-23699. 12 with
MIL-L-7808 and 20 with paraffinic numeral oil.
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D. Effects of Speed, Temperature and Viscosity

The film factor reflects the effect of speed, temperature
and viscosity inasmuch as these variables determine the film
thickness and hence the film factor. To determine whether any
additional effect of these variables was present due to system-
atic errors in the models used for calculation of the theoretical
life, the film thickness and the film factor values, bivariate plots
were generated for LOGMAT vs. speed, temperature, and viscosity.
The Weibull shape parameter, BETA assumed to be invariant in
life calculations was also plotted against these same variables.

Figures 1 to 6 show the plots for the bearing tests. The
calculated correlation coefficient (COR) between each pair of
variables is printed below each plot. No significant effect is
apparent except in the plot of BETA against speed. The
relatively high correlation coefficient calculated here, however,
is almost exclusively due to a single high speed test having a
very high Weibull shape parameter. Inasmuch as this value is :
well outside the range of usual experience and was, as it proved, ?
. based on a group with only two failed bearings, it is highly :
likely to be spurious. Without this point, the data follow no
obvious trend with speed, thus it would be concluded that all these
variables are adequately considered in the calculation process.

Figures 7 to 12 are the corresponding plots for the element
tests. Because of the greater number of element tests, corre-
lation coefficients higher in absolute value than 0.13 are likely
to be an indication of a true relationship between the variables.
(More exactly with 306 paired variables, a correlation coefficient
greater in absolute value than 0.13 will occur due to chance
alone with a probability of 5%). Thus, all of the plots in Fig-
ures 7 to 12 show evidence of real correlation, eg. a dependent
relationship existing between the two variables.

Both LOGMAT and BETA increase with speed and temperature
and decrease with viscosity. Because of correlations between
the variables, it is difficult to attempt a causal explanation.
For example, a true viscosity effect may not exist. The
apparent viscosity effect may only reflect the temperature
effect inasmuch as temperature and viscosity vary inversely. By
the same token, temperature and stress are likely to be corre-
lative. In the Phase I effort, LOGMAT was found to increase
with stress.

The scatter plots simply imply a model discrepancy in the
treatment of element test configurations. Further analysis would
have to be performed to resolve how the models are discrepant.
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E. Effect of Lubricant Type

As noted, the bulk of the tests were conducted using
MIL-L-23699 and MIL-L-7808 lubricants. An attempt has been
made to determine whether the data suggest a difference in 1life
performance of these two lubricants. Since a difference
between element and bearing tests has already been established,
this assessment was conducted separately for elements and

bearings.
. The mean and standard deviation of LOGMAT and the total
number of deviations for the four subsets of data corresponding

to partitioning by lubricant type and test type are tabled
below along with the frequency of occurrence of each subset.

Mean Value of LOGMAT STD. DEV. of LOGMAT No. of Cases

Partition
MIL-L-23699-Bearings 0.946 1.725 19
MIL-1-7808-Bearings 1.428 1.236 12
MIL-L-23699-Elements 2.055 0.890 258
MIL-L-7808-Elements 0.689 1.748 39

Testing the variables by means of an F ratio test statistic,
there is found to be no significant difference between the vari-
ance for the bearings, but an overwhelming difference for the
element tests. The MIL-L-7808 tests are noted to have a standard
deviation quite comparable to the bearing tests.

There is also a substantial difference in the mean value
of LOGMAT between the element tests with the mean for the
MIL-L-23699 tests being substantially higher.

It is not nossible to conclude that this difference is due
to a difference in the oils, however, because in unbalanced data
of this type, there can be confounding with other influential
variables. 1In particular, inasmuch as 254 of the 258 element
tests on MIL-L-23699 came from a single source, differences in
test conditions or techniques between this and the other sources
of element data could account for the observed differences.

A "t" test showed no significant difference between the two
lubricants within the bearing tests.

This would suggest that the use of the different lubricints
produce no effect on bearing life other than that which is
accounted for by using the lubricant film factor.
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F. VIMVAR M-50 Material

The mean and standard deviations of LOCMAT for the subset
of VIMVAR material tests are as follows.

Mean Value STD. DEV. No. of

LOGMAT LOGMAT Tests
VIMVAR M-50 Bearings 1.731 1.807 10
VIMVAR M-50 Elements 0.235 1.280 6

90% confidence intervals for MATFAC computed as in AVRADCOM
TR 79-35 are:

Bearings: 2.21 € MATFAC <€ 14.5
Elements: 0.0 € MATFAC € 3.0

Point estimates of the material factor for VIMVAR M-50 are:

Bearings: MATFAC

]
]

exp (1.731) 5.65

Elements: MATFAC exp (0.235) 1.26

The estimaced VIMVAR M-50 material factor for bearings is
larger than the material factor of 3.55 deduced from the tests
based on all bearings. Inasmuch as 3.55 falls within the uncer-
tainty interval for the VIMVAR tests, there is insufficient evidence
to claim a superiority for VIMVAR M-50 based on the data accumulated so far.

The VIMVAR M-50 element tests give a significantly lower
value of MATFAC than the element data as a whole., As with the
MIL-L-7808 element tests the VIMVAR M-50 set exhibits more
scatter than the element data. Again the observed differences
may not indicate an inferiority of VIMVAR M-50 elements, but
a confounding of material with other factors due to the fact
that the element data set is numerically dominated by tests
from a single source.
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G. Effects of Bearing Configuration

b The data base contains a limited amount of life data

3 collected on varying bearing configurations so it was not
warranted to conduct a detailed comparison of apparent material
factor by specific bearing type. 1In lieu of this, the data were
combined to provide a comparison of results obtained from point
contacts, eg ball and angular contact bearings, versus line
contacts, eg cylindrical, taper and spherical roller bearings.

The mean and standard deviation of LOGMAT for each set of
data are listed below:

Line Contact Point Contact
Mean 0.324 1.303
Standard 1.624 1.480
deviation
Number of 9 49
| tests

The values of the calculated standard deviations do not differ
significantly. However, a '"t'" test conducted on the data
establishes that the difference in the mean values are signifi-
cant at the 5% level.

P

This result is somewhat surprising since the line contact
bearings exhibited the lower factor. In the tests conducted in
Phase I, the cylindrical bearings exhibited a large apparent
P material factor, a; = 32.8, suggesting that these bearings are
underrated. This effect has also been consistently observed
over the years in endurance tests conducted on standard steels,
where line contact bearings have provided experimental lives
significantly in excess of theoretical.

il ey

An examination of the individual data points comprising the
line contact results revealed that 2/3 of the tests were conducted
prior to 1968 and had yielded relatively low theoretical/experi-
mental life ratios. Thus, it would seem that the comparison con-
tains a biasing effect produced by a high concentration of tests
on relatively old M50 material. On this basis, it is considered
that the data currently available are insufficient to allow an
adequate comparison of the effects of design type, even when
simplified to consider only line and point contacts.
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b 1 H. Principal Statistical Results

1. The material factor for bearings exhibits no significant
; dependence on lubricant type, temperature, speed or viscosity
1 apart from that which is accounted for in the lubricant film
factor. The material factor for elements varies with all of these
factors.

2. Apparent differences in the mean and scatter of the mat-
erial factor between MIL-L-23699 and MIL-L-7808H lubricants
exhibited in the element tests could conceivably be due to
differences in test technique and/or conditions in as much as
most of the MIL-L-23699 element data came from a single source.

3. The VIMVAR M-50 data for bearings give an estimated mater-
ial factor of 5.65. Statistically, this value is not significantly
greater than the estimated factor of 3.55 previously deduced for
all M-50 bearings. Precisely interpreted, these results state
that the lower value should be utilized. However, recognizing
that the data base is skewed by a concentration of older data
and that technically VIMVAR melting is superior to CVM, the use
of an aj factor equal to 5 seems justified.

3 4. The factor for VIMVAR M-50 elements is lower and more
3 variable than found in the element data base as a whole. Again,
% this may reflect the dominance of the element data base by long
lived tests with high average Weibull slopes (low scatter).

5. The average values of H/SIG and FILFAC based on the
test results obtained on ten groups of bearings manufactured
from VIMVAR M-50 tool steel are 2.77 and 1.94 respectively.
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IIT. ENDURANCE TEST DETAILS

A. Test Equipment

All tests were conducted on SKF R-2 Endurance Test Machines
which have been developed over a period of years for the eval-
uation of full size rolling bearings. Basically, these
test machines consist of a horizontal arbor of symmetrical con-
figuration, as shown in Figure 13, supported on either side of
its center by two cylindrical roller bearings located in pillow
blocks fastened to a machine base. The 7309 VED angular contact
test bearings are located on each end of this arbor in independ-
ent housings to minimize interactions between the test specimens.
They are axially loaded by means of a tie rod passing through a
clearance hole in the center of the arbor. A strain gaged bolt
on one end of the tie rod measures the amount of thrust load
applied as the loading nut on the other end of the rod is turned.
A centrally located pulley on the machine arbor rotates the
inner rings at the desired speed.

Alignment of the test bearing outer ring with respect to
the inner ring and arbor is maintained by means of a small
cylindrical roller bearing located at the end of the machine
arbor.

The test bearing operating temperature is measured by a
spring loaded thermocouple contacting the outer ring. A Test
Floor Control System containing a Data General Nova 800 Computer
System as a central processing unit monitors the output from
this transducer. The same computer system measures the applied
thrust load.

Bearing failures are detected by a vibration sensitive transducer
which is set at the beginning of each run. The vibraswitch
stops the test machine when the general vibration level increases
significantly over the original magnitude, indicative of a spalil
on a bearing component.

All bearings were run to failure or to an established time
up life unless the test was suspended for mechanical reasons,
i.e. failure of test machine hardware.

Each bearing was lubricated from a common o0il supply svstem
containing synthetic lubricating fluid conforming to the govern-
ment specification noted under the test conditions. The oil
was jetted into the test bearing housing and aimed to impinge
directly in the rolling contact region. .\ sufficient quantity
of oil was supplied in each instance to assure adequate lubri-
cation and to control the bearing operating temperature at the
level given under the test conditions.
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B. Endurance Test Procedure and Test Conditons

& Prior to use, the residual anti-rust preservative was re-
A moved from each test bearing specimen by washing with a solvent.
2 To facilitate mounting of the test bearing on the machine arbor,
the bearing was heated in an oven to 408 K (135°C) to expand

the inner ring sufficiently to clear the bearing seat. When
cool, the interference fit was 0.025 to 0.035 mm. The clearance
between the outer ring and test machine housing ranged from
0.025 to 0.045 mm. The housing was installed and the rest of
the machine hardware assembled.

The test conditions, i.e. lubricants, applied loads, and
inner ring speeds, for each of the five test bearing groups are
listed in Table 8.
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SKF ENDURANCE
TEST MACHINE FOR ANGUILAR

CONTACT BALL BEARINGS
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C. Bearing Manufacture Procedure

A 50 bearing test lot of 45 mm bore angular contact ball
bearings was fabricated from aircraft certified Vacuum Induction
Melt, Vacuum Arc Remelt (VIMVAR) M50 tool steel of the basic
design shown in Figure 14. The finished components were dimen-
sionally audited on a sample basis to document the conformity of
the test bearings to the design configuration. The race surfaces
of the rings were also subjected to a 100% visual inspection.
During the visual examination, it was noted that some of the
races contained finishing discontinuities in the area of the ball
track. While these features are commonly found in bearings used
in the field, and particularly in tool steel bearings, it was
felt that interactions could occur under the abnormally high
load levels used in endurance testing which would bias the
program results. It was decided to refinish the rings to
eliminate these discontinuities.

A number of acceptable outer rings were identified so the
bearings were refinished into two specific lots. Lot 1 contains
thirty bearings having original outers and refinished inners
which provides a contact angle of 28°, The second lot (Lot 2)
was made up of twenty bearings having both rings refinished and
giving a 43° contact angle. Table 9 gives the basic internal
geometry differences resulting from the modifications described.
The loading conditions were then recalculated for the modified
designs to provide the desired test stress levels.
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TABLE 9

BASTC INTERNAL GEOMETRY DIFFERENCES
7300 VED VIMVAR M-50 TEST BEARINGS

_Lort _LoT Z
Contact Angle® 28 43
Raceway Ball Groove Radius
Inner mm 9.107 9.107
Outer mm 9.037 9.071

Balls 12-11/16" Diameter
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D. Endurance Test Results and Discussion

The endurance data collected on the five groups of bearings
tested under the various test conditions outlined previously are
presented in the following paragraphs and Tables 10 through 14.
Each table lists the life of each individual bearing specimen
in millions of revolutions and the mode of failure.

In those instances wlere a sufficient number of failures had
occurred, the life data of each bearing group have been statis-
tically trecated according to an SKF developed maximum likelihood
computer program MAXLIKE [5 and 6]. The program establishes the
Lip and Lgy lives and 90% confidence interval estimates for each
bearing specimen group, as well as the slope of the experimental

Weibull distribution.

A summary of the test results is presented in Table 15.

1. Test Group A

Test Group A (Lot No. 1) was run at 576 rad/s (5500 rpm)
under an applied thrust force of 9.52 kN, and lubricated with
Mobil Jet II Synthetic lubricant (MIL-L-23699). As shown in
Table 10, testing of }he bearings had been suspended at a life
in excess of 500 x 10° revs. which is twice the theoretical Lio
life of 209 x 10° revs. For usc in the data base and subsequent
analyses, the experimental Ly life of this group has been
estimated as being greater t%an 400 x 10Y revs.

[5] McCool, J. I., "Evaluating Weibull Endurance Data by the
Method of Maximum Likelihood", ASLE Trans., No. 13,
189-202 (1970).

[6] McCool, J. 1., "lInference on Weibull Percentiles and
Shape Parameter from Maximum Likelihood Estimates'| IEEE
Trans. on Reliability, No. R-19, 177-59 (1970).
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2. Test Group B

Test Group B (Lot No. 1) was run at 576 rad/s (5500 rpm),
under an applied thrust force of 15.7 kN and lubricated with
Mobil Jet II Synthetic lubricant (MIL-L-23699). The test results
given in Table 11 show that two failures were experienced at lives
of 430 and 713 x 100 revs while ghe majority of the bearings were
suspended at a life of 800+ x 10 revs. Analygis of these data
indicate the experimental Ljg life is 549 x 10° revs. which6is
12 times greater than the theoretical Ljg life of 46.5 x 10
revs. An example of a typical inner ring failure is shown in
Figure 15.

3. Test Group C

Test Group C (Lot 2) was run at 1016 rad/s (9700 rpm)
under an applied thrust force of 33.4 kN and lubricated with
Mobil Jet II Synthetic lubricant (MIL-L-23699). Details of the
test results are presented in Table 12 which shows that five
failures were experienced at lives rgnging from 14 to 261 x 10° revs.
The experimental Lyg life of 40 x 10% revs. is 4 times greater
than the theoretical Ljg value of 10 x 10° revs. Examples of
tvpical inner ring failures are shown in Figure 15.

4. Test Group D

Test Group D was run under the same test conditions as Group
C except for the lubricant. These bearings were lubricated with
Exxon Turbo Lubricant 2389 (MIL-L-7808H Qual IMI}), Details of
the test results are given in Table 13 which shows that four
failures were expervienced at lives ranging from 61 to 285 x 10° revs.
The experimental L:pg life of 43.8 x 100 revs. is again approx-
imately 4 times thc theoretical Ljg value of 10 x10° revs.
Examples of typical inner ring failures are shown in Figure 16.

5. Test Group [

Test Group E (Lot 1) wa3 run at 36.7 rad/s (350 rpm), under
an applied thrust force of ¢«6.2 kN and lubricated with Mobil Jet
IT Synthetic lubricant (MIL-L-23699). The bearings were suspended
at a life of 90x 10° revs. as shown in Table 14, Again, for
inclusion in the data base, thg experimental Lig life was estim-
ated to be greater than 90 x 10° revs. which is 9 times greater

than the theoretical Lo value of 10x 10° revs.
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TABLE 10
ENDURANCE TEST DATA FROM GROUP A

TEST BEARING: 7309 VED VIMVAR M-50
i Steel; Lot 1

A i{ SPEED: 576 rad/s (5500 rpm) APPLIED 1.0AD:9.52 kN (2140 1b¥)
| LUBRICATION: Circulating Mobil
Jet IT (MIL-L-23699)
Life
Bearing No. (Million Revs.) Mode of Failure

111 545 Susnended

112 545 Suspended
; 113 548 Susnended
| 114 548 Susnended i
? 115 538 Susnended
é 116 538 Susnended
? 117 509 Susnended ‘
; 118 509 Suspnended Z
" 119 381 Suspended |
% 120 381 Suspended !

Theoretical Lig = 209 x 10° revs.

Experimentall > 400 x 10 revs.

ST
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TABLE 11
ENDURANCE TEST DATA FROM GROUP B
TEST BEARINGS: 7309 VED VIMVAR M-50
Steel; Lot 1
SPEED:526 rad/s (5500 rpm) APPLIED LOAD: 15.7 kN (3530 1b¥)
LUBRICATION: Circulating Mobil
Jet 1T (MIL-L-23699)
Life
Bearing No. (Million Revs.) Mode of Failure
122 713 Inner Ring Spall
123 713 Suspended
124 834 Suspended
125 834 Suspended
126 806 Suspended
127 806 Suspended
128 430 Inner Ring Snall
129 430 Suspended
130 827 Suspended ‘
131 827 Suspended
Theoretical Llo = 46.5 x ].06 revs.
Experimental values in million revolutions
LIO = 549 LSQ = 2548
l.ijp LCL = 16.6 Lgg LCL = 885
1o UCL = 1130 Lsg UCL = 759 x 10°

Weibull Slone = 2.9
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TABLE 12
ENDURANCE TEST DATA FROM GROUP C
TEST BEARINGS: 7309 VED VIMVAR M-50
Steel; Lot 2
SPEED 1016 rad/s (9700 rpm) APPLIED LOAD:33.4 kN (7500 1bf)
LUBRICATION: Circulating Mobil
Jet 11 (MIL-L-23699)
Life
Bearing No. (Million Revs.) Mode of Failure
201 257 Suspended
202 257 Inner Ring Spall
203 261 Inner Rine Spall
204 331 Suspended
205 70 Inner Ring Spall
206 73 Suspended
207 14 Inner Ring Spall
208 207 Inner Ring Spnall
209 406 Suspended
210 259 Suspended
Theoretical Lig = 10 x 100 reys.
Experimental values in million revolutions
Lio = 40 Lso = 352
Lig LCL = 1.4 Lgg LCL = 149
Lip UCL = 108 Lsg UCL =1580

Weibull Slope = 1.1
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FROM GROUP D

TEST BEARINGS: 7309 VED VIMVAR M-50

Steel; Lot 2

SPEED:1016 rad/s (9700 rpm)

LUBRICATION: Circulating Exxon

APPLIED LOAD:33.4 kN (7500 1bf)

Turbo 0il 2389 (MIL-L-7808H Qual IMI)
] Life
Bearing No. (Million Revs.) Mode of Failure

211 285 Inner Ring Spall
212 315 Suspended
213 315 Suspended
214 315 Suspended
215 373 Suspended
216 82 Inner Ring Spall
217 61 Inner Ring Spall
218 63 Inner Ring Spall
219 226 Suspended
220 291 Suspended }
Theoretical Lyg = 10 x 109 revs.
Experimental values in million revolutions

lyg LCL = 0.37 Lgg LCL = 195

L1p UCL = 140 Lgg UCL = 9623

Weibull Slope = 0.99
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TABLE 14
ENDURANCE TEST DATA FROM GROUP E
TEST BEARINGS: 7309 VED VIMVAR M-50
Steel; Lot 1
SPEED:36.7 rad/s (350 rpm) APPLIED LOAD:26.2 kN (5900 1bf)
LUBRICATION: Circulating Mobil
Jet IT (MIL-L-23699)
Life
Bearing No. (Million Revs.) Mode of Failure
101 90 Suspended
102 90 Suspended
103 90 Suspended
104 90 Suspended
105 90 Suspended
106 9n Suspended
107 90 Suspended
108 90 Suspended
109 90 Suspended
110 90 Suspended

Theoretical L10 = 10 x 106 revs.

Experimental Lyg =290 x 109 revs,
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Test Group B Brg. No. 128
5500 RPM Fa = 15,7 XN
Life = 430 x 105 revs.

Test Group € Brg. No. 203
9700 RPM Fa = 334 kN
Life = 261 x 100 revs.

Test Group C Brg. No. 207
9700 RPM Fa =334 kKN~~~
Life = 14 x 100 revs.

FIGURE 15, IYPTCAL EXAMPLES OF INNER RING BEARING FATLURES
TIO0OVTD VIMUVAR M-50 STEEL WITH
MIL-1.-23690 OIL
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. ; Test Group D Brg. No. 211
2 9700 RPM Fa = I3 4 kN
ol Life = 285 x 10Y revs.
o
o
i
i
Test Group D Brg. No. 217
9700 RPM Fa = 33.4 kN
Life = 61 x 100 revs.
El
E
i
i‘
i
i

FIGURE 16,  YPECAD EXAMPILS OF INNER RING BEARING FATLURES
TI09 VED VIMUAR M-50 STEEL
WITH MIT-1.-7808H OTL
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;. Principle Experimental Results |

1. The endurance testiny of these angular contact ball bearings
manufactured from VIMVAR M50 tool steel produced experimental
lives ranging from 4 to 12 times thc¢ respective theoretical
values. Applying the calculated values of the a3 application

factor, the apparent values of the a; material factor ranged from
2.2 to 18.6.

2. Test groups C and D were run with MIL-L-23699 and MIL-L-7808
lubricant respectively while all other test conditions remained
constant. The apparent values of the a, factors that were achieved
in these tests were 2.2 and 2.7 consiéering lubricant factors
dependent upon specific lubricant viscosity at the test conditiors.
The Jdifference in these values is not statistically significant
indicating that the variation 1in lubricant chemistry had no
apparent influence on bearing life.

3. Test groups C and E were run at differing speeds, 1016 rad/s
ana 36.7 rad/s, with all other conditions held constant. These
tests yielded apparent a; material factors of 2.2 and 18.6
respectively. This result seems to .mply the presence of a
significant effect of speed on bearii:g life, but in the opposite
direction from that normally theorized effect of increasing
stressing rate producing a life enhancement effect. The
significance of this effect is questionable due to the small
amount of data available.

4. While the test loads were systematically varied in three
groups, A, B and the 7309 test of Phase I, the data are not
sufficient to allow the verification of the load life relation-
ship. The insufficiency of data exists since no failures were
achieved in test Group A and the Phase I results were biased
due to premature ball failures and/or other extraneous causes.
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CONCLUSIONS

The best current estimate of the value of the a; life modif-
ication factor for material is between 3.55 and 5.65 for
VIMVAR M50 tool steel. It is recommended that a; = 5 be
used for the calculation of the adjusted rating life for
Army Helicopter systems employing bearings manufactured from
this material.

For bearing applications where the effects of load distrib-
ution variations and/or temperature extremes are within the
normally applied limits of system design, the az life adjust-
ment factor for application conditions can be approximated

as a lubrication factor. It is recommended that values be
assigned to this factor on the basis of the magnitude of the
film parameter using the relationship established in 1971
by ASME [3].

Both the experimentul and statistical analyses indicate that
the effects of lubricant type (chemistry), operating speed
and lubricant viscosity on bearing life are adequately
treated in the existing life calculation methods. Therefore,
a single value of ap can be utilized across the range of
variations of these parameters expected to exist in heli-
copter engines and gearboxes.

Continued evidence was noted of systematic errors in the life
calculution methods as applicd to element test configurations.
The presence of these errors limit the effectiveness of
element testing as a means of establishing reliable material
life relationships.
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V. RECOMMENDATIONS

Two of the test lots included in this effort, Groups A and E,
were still running without failures at the conclusion of the
. program. The absence of statistically significant life data in
these instances creates gaps in the data matrix and prevents the
total analysis of the influences of variations in environmental
cffects on bearing life. Since the major cost elements have
already been expended in these efforts, it would be extremely
cost effective and beneficial to continue the testing of these
lots.

—————

The results of the Phase I tests on cylindrical roller
bearings indicated that the 1life modifying factor for line con-
tact bearings is underestimated. In Phase II, an attempt was
made to analyze the existing data base to establish the validity
of this observed trend. However, the amount of data available
, were insufficient to allow the satisfactory completion of this
¥ study. The existance of this possible inconsistancy, coupled
’ with the large volume of cylindrical roller bearings used in
aerospace applications, creates a significant area of question
for the Army in the cvaluation of proposed aircraft system
designs.,

~ The elimination of this problem area requires the accumula-
tion and systematic evaluation of additional life test data
coliected on cylindrical roller bearings under a variety of
operating conditions containing controlled variations. The data
4 would then be analyzed to create a better estimate of the actual
life which can be expected from cylindrical roller bearings under
a3 these ranges of operating parameters. The theoretical life

. calculation techniques could be examined with this in mind to

: determine which of the analytical models, e.g. load distribution
3 effects, lubricant film effects, etc. need modification in order
: to correct the existing situation. While the development of a
new life model is an extensive task, the conduct of a life

test series with cylindrical roller bearings patterned after the
ball bearing series reported herein would (a) provide an improved
value of an apparent a; factor for cylindrical roller bearings
which could be used by the Army in evaluating line contact systems,
and (b) provide the necessary starting point for the eventual
modification of the line contact life model.

One major shortcoming which continues to be apparent from
analysis of the data base is the current inadequacy of life
estimates obtained from element test series. While major
analytical work is required to correct the predictive deficiencies,
the data could be treated to yield correlation factors which
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could be applied to specific types of element test generated
data to provide more adequate extrapolations for bearing applica-
tions. Judging from the amount of element test data included

in the data base, this would be an extremely important value to
have available for future use.
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APPENDTX A
. ‘ DATA BASE FOR ELEMENTS
- 2
1
! DASE LA3CL NO. 1 REF bR R7-14 T owav a PROC % STRESS 6 SI2€ T H A SIGwA 9 L10TH
i 12 N 11 R 12 L10EX 13 BETA 1% SPEED 15 TEmP 16 LUBE 17 VIS 18 H/SIG
: 19 FILFAZ 20 waTFaC 21 WTFAC 22 LOGMAT
g : i 1002.0036 1900 243002 1.0%0 800+3700 £3750 «7000 12.1000 $2106
440000 4 0302 5.250° 4.2R3C 12500.0000 215.0000 1.000 4.8003 .0579
! 22000 122.3643 19.227¢ 4.P049
i 2 1004.0000 14099 20003 1.020 100,099 »3750 .1000 12,1000 .6934
' 10.000 10.09¢ «9200 4,2000 125C0.0C20 600.,0000 1.000 +7200 .0248
Fo «2000 £.6575 18.95177 1.8958
o 3 100540000 1.060 243202 14900 70040900 £3790 23000 12,1000 «6988
f 10,000 10.000 1.2900 £.1100 1250040000 600,000 1.000 .7200 +0248
: £2009 9,2348 2242293 2.2230
| 4 100640900 1,000 240022 1.000 700.0000 .3750 $6000 12.1000 <6984
' 5.0300 €.0000 ZeR40) S.6300 1250040000 400,0000 1.000 144200 +0496
! $20C3 2048375 15.2607 5.0121
5 1007.0003 1.003 2.7902 1000 703.0000 #3750 .£000 121000 5984
640000 640002 2.372) 5.6300 1250040900 400.0000 1,000 1.4000 «0496
22003 20.545¢ 18.135¢ 1.0226
3 1008.0000 1.000 2.4203 1.000 710040000 «3750 .7909 12.1020 +6934
10.060 10.000 3.3150 7.0500 12500.0000 300.0000 1.000 2.4000 <0579
£2000 27,2749 13,0597 3.3060
: 7 107949103 1300 2,230z 1,008 700.0000 23750 .7200 12.1000 <6984
. 12,000 13.030 CeT4l2 1.8I00 12500.2000 100.0000 1.000 2.4000 +0579
j 22000 19.615¢0 2947623 249763
8 101040000 1,003 2.0%00 1.000 730.0300 .3750 £8900 1241200 «6984
104003 10.100 +3500 SeR4CO 125000009 5000000 1.000 .72:0 .0248
£2000 640449 18,0552 1.8058
9 1011.0200 1.030 249932 1.300 7009990 23750 $ 2350 121000 «6988
10.000 10.000 «9209 S.4007 12500.08030 600,2000 1.000 L7220 <0248
$2000 645851 18,3435 1.8850
: 10 1012209 1.010 2.0300 1,000 7000000 «3759 5000 12.1000 <6984
- 10,000 13.000 1.83C0 5.4000 12500.0000 900.0000 1.000 1.47350 «0496
3 .2000 13,1005 25.726% 2.5727
i 1 101340000 1.000 2.020¢C 1.000 7000000 +3750 JE3C0 121590 +6984
i 10.00¢ 10,000 1.2300 5,9800 1250040900 400.0000 1.000 1.4000 «0496
i ' $2039 541632 2241520 2.2152
1 12 101440088 14000 2.000% 1,000 70040000 +3759 «£000 1241000 +5388
10700 104900 1.3900 542530 125903030 40040000 1.290 1.4200 .0496
$2300 5.1984 2z.30170 2.2107
13 101542000 1.200 2.0900 1.000 7000000 $3750 WENCO 1241000 .698%
10.000 19000 143700 2.1400 1250040000 40040090 1.000 1.4050 «0696
22200 7.6539 20,3600 2.0360
14 1016402390 1.32¢ <3093 1.000 700.0030 .3750 L6000 12.1000 6984
240002 ENEEE 1.3102 13,7100 12500.0000 400,0000 1.000 1.4060 .0496
22000 L1760 17.90€9 2,2384
b 15 1017.00600 14920 2.c000 1,000 700.0000 .3750 26000 1241039 +6984
(o 10,000 104000 1.9102 4e 7300 1250040000 400.0000 1,000 144292 «0496
.2000 11,6732 2641544 2.6154
16 1018.0000 1.000 2.0002 1.000 700.0000 +3750 +6000 12.1302 6984
10.000 16.200 1o2400 B.5400 12500.0000 400.0000 1,000 1.40C0 . 0496
<2000 11.0245 26,0012 2.4001
17 1019.0000 1.000 240302 1,003 700.00090 «3750 +6000 121609 +693 4
3.0100 1.6000 2.6402 1.9200 12500,0000 40040000 1.000 1.64009 0496
22000 16.899) 8.2171 249291
14 12°c.3000 1,020 12000 t.002 700.0000 +3750 4000 12.1022 .6984
5.00C0 3.0000 «%4400 1.3500 12500,0000 600,0000 1.000 7272 .0248
22200 3.1473 3.4421 1.1474
3 19214200¢C 1,930 2.0000 14020 700,0000 «3750 £ 1000 12.1080 .6984
13,000 16,000 LN 29,6200 12500.0000 60040000 1.000 « 7209 .0248
£2000 S.55546 17.32¢. 1.7326 | i
i
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y 1 20 1022.0000 1.000 240003 1.000  680.0890 .3750 <3000 12.1000 .9130
k| 104000 10000 L7008 9.3€00 1250040230  600.0000 1.000 .7200 L0243
A 2930 3.8335 13,4373 1.3438
- 21 1223.0000 1.000 2.9007 1,000 68040080 3750 .3000 1241000 9130
= 10.000 10.000 .5102 5,7200 12500.0130  £30.00C0 1.000 L7200 <0268
i 2300 2.7930 10,2711 1.0271
i 22 102440000 1.200 2.0000 14000  700+02290 \3750 2.5000 1241000 6954
! 5.0000 $.0000 £.5109 3.5200 12500.0230  250.0000 1.000 3.5000 +2055
i L2000 39.304y 18,1785 3.6749
! 21 1025.0000 1.000 2.9002 1.000  700.0930 .3750 Z.50€0 12.1000 <6984
L $.0000 5.0000 6.1600 5.7100 12500.0250 25040000 1.000 3.5000 .2766
o <2000 4442980 18.9321 3.7360
. 26 102640000 14009 2.0000 1.000  700.9030 3750 3000 1241000 «6984
. 16.000 14000 2.8300 3.2900 12500.0030  6£00.3000 1.000 L7200 <0243
! <2000 2042591 10.2861 3.0086
; 25 1027.0000 1.000 2.0000 1,000 700.9900 3750 <3009 12.1900 6984
! 154000 104900 2.5200 a.7600 1250040020  600.0000 1.000 .7200 .0248
+2000 13.0401 28.9253 2.8926
26 1028.0000 14009 2.9007 1.000  700.0000 3750 .3000 12,1000 <6984
: 104000 10.000 1.0100 3.9900 12500.0000  600.0000 1.000 <7200 .0248
2000 10.9939 23.119? 2.3119
- 27 1029.0030 1.000 2.0000 1.000 70040000 5753 3000 1241000 6984
; 10.900 10,000 4909 145800 12500.0000  £00.0000 1.000 +7200 <0248
' .2002 1.5078 12.5439 1.2550
. 29 103040000 14000 2.90%9 1,000  700.9932 L3750 +3900 12.1000 <5984
10.007 9.0000 .2903 1.3900 12500.0000  600.0000 1000 <7200 .248
L2000 6.3713 166662 1.8518
29 1031.0700 1000 2.2020 1,000  700.0000 +3750 3000 1241000 .6924
11.0000 10.000 2.5835 4.4500 12500.0000  600.0000 1000 L7200 .0248
2300 18.469¢ 29.1¢11 2.9161
30 1032.0000 1.000 2.0000 1.030 7000000 «3750 3000 12.1000 +6984
h 642000 640000 1e6409 1,6300 12500.0000  600.0000 1.000 L7200 0248
: 2000 11.7406 147782 244610
- 31 1033.0000 1.000 2.9039 1.000 700.0000 5750 5000 12.1000 <6984
|, ! 19.000 12.000 2.6792 8.8400 125000000  600.0000 14060 <7200 <0243 ‘
E | 2000 19.1139 29.5041 2.9504
E | 32 1034.0000 1.000 2.0000 1.000  700.0000 3750 3000 12,1000 6984
- 10.090 104000 2.280¢ 81600 12500.0000 60045000 1.000 L7200 \0248
y 2300 1643220 27.9251 2.1925
3 33 1035.9000 1000 2.9000 1,200 70049920 .3750 <3000 1241000 L6904
: 10.000 10.000 2.7002 643900 125000030  600.0000 1.000 .7200 $0248
<4 .2000 19.3237 29.6153 2.9616
34 103640000 1009 2.9990 1,000  700.0000 .3750 L7000 1241000 <6784
o 5.0000 5.9000 5.0500 20200 12500.0000  325.0000 14000 2.0800 +0579
o 2000 36,2233 17.9485 3.5897
% 35 1037.0060 1.000 2.0800 1.000  790.0003 .3750 . 1000 1241000 <6984
3 5.0000 5.0200 12,2700 4.8500 12500.0000  325.0000 1.000 240800 0579
3 +2200  130.790% 243689 4.8736
;4 36 1038.0000 1.00¢ 2.0000 1.000 700.0000 .3750 <1300 1241000 6933
10000 1€.000 241400 7.0000 12500.0090  603.0000 1.060 L7200 <0248
: 2000 c.3198 27.291a 2.7291
37 1033.0000 1000 2.0000 14000  700.0000 .3750 3900 1241000 6983
10.000 10.000 1.9100 644400 12500.0000  600.0000 1.000 L7200 L0248
2000 13,6732 26,1508 2.6154
318 1043.0000 14000 240609 1.000  700.0090 3750 3000 12,1000 6984
10.930 10.000 2.5220 £.0100 1250040230  600.0000 1.000 7200 .0248
.2000 18.0401 28.9259 248926 :
39 1041.0000 1,000 2.0000 1,000  T00.0000 .3750 3000 1241000 6984
5.0000 $.0000 6+6800 607600 1250040000 60040000 1000 7200 <0248
2000 47.820% 19,3373 3.8675
a0 1042.0000 1.000 2.1000 1.000  700.0000 L1750 .3000 1241000 <6984
10,300 10,000 3.0909 4.6600 12500.0000  600.0000 1.000 <7200 .0248 ;
22000 2241206 30.9651 3.0965 ;
S 1083.0000 1.000 2.0004 1.000  700.0000 .3750 <1900 12.1000 +6984
19.700 10.000 1.4702 7.2500 12500.0000  600.000¢ 1.000 “7200 <0248 ‘
2000 10.5234 214536 243536 .

Sy
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L a2 1044.0000 1.000 745000 1.000 700.0000 $3720 <2002 12.1000 «6984
b | 9.0000 9.2700 1.2700 5.6100 12%00.00Q2 686.9300 1060 .7200 «0248
- 22000 9.231¢ 19.8¢52 2.2074
b | 43 1065,0000 1.000 1.0000 14000 70040000 «3750 #3000 12.1000 +6984
- 840073 8.3100 2.5717 31,7000 12506.0000 £00,0000 1.000 <7200 +0248
. «2000 5R.2094 3148158 49,2270
e . 1046.0030 1.000 2.0000 1.000 700.0003 «5750 «3030 12.1000 <6984
C 104393 194000 142170 4.1300 125000090 60042000 1003 .7200 «C248
v | 2000 6621 2145895 2.1590
- at 1047.0000 1.000 Z.00€0 1.090 700.023) «3750 «3000 12.1000 6986
3 ? 10,000 10.000 1.03¢0 7.4600 1250040000 600.0000 1.000 .1200 +0248
C .2228 7.573% 13.9789 1,9979
= 45 104340000 1.000 2.9000 1.000 700+8090 .375p «6000 12.1000 .6984¢
o 5.0300 5.0000 148900 3,0700 12500.00C0 400.0000 1.000 1.4000 «0436
C <2000 13.5303 11,0206 2.6049
- | 07 1049.0000 1.00¢ 243300 1.5€0 700.0000 $3750 ££000 12.1000 .$984
. 5.0000 5.0000 242800 5.9R00 12500+0003 400.0000 14000 1.6000 +D395
f .2000 1643220 17.9625 2.7925
a a8 1050.0000 1,000 240000 14000 70040000 $3759 $6000 12.1000 <6984
5.°320 £.0000 1.8290 6.16400 125004000 400.0000 1.030 1,4000 <0496
; .2200 13.0289 127.81€9 2.5¢72
49 1851.0300 1.000 2.9090 1.000 700.0000 +3750 $£000 12,1000 5984
5,000 $.0900 1.5000 3.77D0  12500.0000 400.0000 1,000 1.4009 <0496
4 22000 10,7331 1148638 243738
50 1052.0000 1.000 2.0030 1.000 70040000 <3750 +3000 12,1000 +6384
£,7230 £,2000 +5302 46000  12500.009) 690.0000 1.000 .7200 «0248
.2020 4,223%7 742018 1o44D7
51 105340000 1.000 240000 1.000 700.3000 23750 .5820 12,1500 «6984
440000 4.3990 .3600 2.9100 1250040000 60040000 t.000 7290 «0248
.2030 5.3124 747171 1.9275
52 1054.0002 1.200 2.0000 1,000 700.9000 £375) «2C20 12.1000 «6986
5.9000 5.2300 <5970 8.6000 1250040033 €00.6000 1.000 .7200 <0248
«2300 V.2237 7.293% 1.4407
53 1055.306390 14300 240207 1.000 70000070 «3750 «*200 12.1000 «6984%
5.0900 £.2170 22676 1.1800 12500.8009 60040300 1.000 .17200 $0248
, £2100 1.7141 Za7361 «5412
. 54 105640009 1.300 742000 1,000 790.0000 23750 <4002 12.1090 <6984
| 5.3203 5,973 L2500 3.5800 12500.0000 50040000 1000 «9600 «0331
. «2000 [ XPLLE) €en291 1.8058
4 55 105740309 1.200 2.0000 14000 700.0000 +37590 «e000 12.1000 6984
, 2.0000 €,2020 101900 3.6200 1250040000 500.0050 1.000 «9600 «033}1
02703 2,21%9 P RET 241421
55 165840000 1.300 2.0059 14009 70040000 +3750 «£390 1241000 «£388
5.0000 543000 19200 £.7100 1253040000 400.0000 1.000 144000 <0496
<2000 7.3319 9.9497 1.9RR1
57 1959.0902 1.200 Te3020 14000 70040000 .3750 €290 12.1000 «4984
$.7909 5,600 2.5800 R.E600 1250040000 400.00%0 1.000 14600 .0496
.2000 13.96%6 14,5506 2.9161
4 58 104046009 14020 245000 14003 706.0000 «3750 . 7900 12,1000 6984
& 5,0000 5.0200 1.6500 12,5396  32500.0000 325,0000 1,000 2.0800 <3579
o .2330 11.8:20 12,3456 244691
: g 1961.0000 L.100 240000 1,060 700.0000 .37%0 . 7300 12.1000 +6984
5.0000 5.3500 241900 3.3800 12506.0000 325,0000 1.000 2.08090 40579
$2070 150336 13.5510 2.7103
60 1062.9307 1.200 2.1000 1.000 700.0000 .37%0 <3800 12.1000 6938
10.000 3.2900 60310 243500 125000000 60040000 1,200 #7200 .0248
<2000 41,1672 313.835%9 3,7651
1 166340900 1.000 2.0000 1.000 730.0090 $3759 «5000 12.1000 6984
104000 10,009 1.7200 31,5900 1250040000 600.0000 1.000 $7200 .n2e8
<2990 1243151 25.106% Z.5107
62 106440200 1.002 2.8900 1.000 700.0060 $3759 «3000 12.1900 +6984
a,non0 4,0000 2.5200 9.3600 12500.0699 600.0000 1,030 L7298 +0208
e2000 18,8301 11.57%4a 2.8926
61 1065.0000 10300 2.0000 1,000 70040000 $3750 +4000 12.1000 +69B4
4.0000 04,0000 4.0200 9.9400 12500.0008 50040000 1.0090 <9600 .0331

#2030 28.7182 13.08385 343598
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78

79
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82

F

83
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a5

Cefew W ey

106640000
4.0000
«2009
1067.0000
4.0000
1.14€2
1058.0000
5.0000
2000
1069.0000
540000
1.14563
1070.0000
10.000
+2000
1071.0000
10.000
220090
1072.0000
10.000
«2083
1073.0000
10,000
2000
1074.5300
10.000
«2002
1075.9000
104000
«2900
1076.0C20
18,090
+2000
1077.29092
10.C039
«2C090
1978.23300
10.092
#2900
1073.4200
10.000
2220
10800000
10300
«2000
1081.0000
9.0C00
#2000
1082.0000
10200
«23092
1083.2032
10000
220090
1084.920
106000
<2000
108540000
18,0090
«2000
1086.0000
10.000
«2000
1087.0000
10900
«2000

1.000
442300
60.3484
1.000
4.0000
14,8511
1.000
50000
15,7893
1000
£.0000
13.8893
1.000
10.000
13,8160
1.000
10.000
Te9462
1.000
10.C00
Te0451
1.000
10.000
10.9529
1.209
10.000
12.5994
1000
13,000
5.5927
1.030
10.000
7.4451
1.000
1C.000
T.5882
1.39¢C
10.C00
Se%41R
1200
10.900
€eZ14%
1.002
10.000
4.%10C
1.000
$.0000
542975
1.000
10.900
6.2281
1.000
10.000
T.5862
1.000
10.000
4.5816
1.000
10.000
1.794
1.000
10.000
9.2308
1.000
10.0600
19.4718

.
£-0000
~.4300

164005
2.0000
11.8900
10.7923
2.0000
2.2000
137840
240000
11.1200
13.1556
2.0000
1.9300
26425R6
240070
1.1100
20.7270
240000
1.0408
20.0756
240000
1.5390
239240
2.0000
17600
2543365
240000
1.3400
22.6101
2.0070
1.0400
200756
2.0000
1.06230
20e25€0
249002
8300
17.8201
2.0000
#9100
1847402
2.0000
«6300
15405630
240000
«7400
15.0051
2.0000
«R700
18.2307
2.0000
11100
20.7270
2.0000
«6400
152205
240000
<5000
127519
2.0000
12900
22.2298
2.0000
2.7200
29.5897

1.000
4.8500
4.1001

1.000
3.8100
2.6981

1.000
5.3500
247568

14000
4.5500
246311

1.000
T.9700
246259

1.000
€.3%00
2.0727

1.000
4,3000
240076

l.000
9.3300
243935

1.000
400900
245336

1.000
3.5700
2.2610

1.000
4.€500
240075

1.00¢0
6+7400
240266

l.000
Se2100
1.7820

1.900
T+4600
1.8740

1.000
3.5700
15063

1.000
€.32300
le£672

1.000
4.6100
1.3291

1.000
T«2600
2.0727

1.000
73500
1.5220

1.000
647900
12752

1.000
25100
242230

1.000
742500
249650

60

7000000
12500.0000

70040000
12500.0000

700.0000
12500.0000

700.0000
12500.0000

700.0000
12500.9000

70040000
12500.0000

700.0030
12500.0300

700.0000
12500.7000

700.0000
1250040000

700.0000
1250040000

700.0020
12500.,0000

700.0000
1259040000

700.0300
1250040000

70000030
12500.0000

700.0000
12500.,0000

700.0000
12500.0000

700.0000
12500.9900

70040390
12500.0000

7000000
12500.0000

700.0000
12500.0000

700¢,.0000
12500.0000

70040000
12500.0000

AL79T027

+3750 «7000
25,0500 1.000
3750 1€+7000
77,0000 1.000
3750 «3000
600.,0000 1,000
3750 1€.7000
77,0000 1000
«3750 «3000
600.0000 1.000
+3750 «3000
600.0000 1.000
«3750 «3000
600.0090 1.000
+3750 «3000
600.0000 1000
+3750 <3000
600,0000 1.000
.3750 «3000
600,0050 1.000
3750 «3000
600.0000 1,000
.3750 «3000
600.0039 1.000
3750 «3000
600.0030 1.000
$3759 +3000
600,00CO 14000
.37%0 +2000
600,0000 1.000
+3750 <3000
690.0000 14000
L3750 «3000
6000000 1.000
3750 +3000
600.0000 1.000
«3750 «3000
60040000 1.000
3750 «3000
600.00C0 1.000
3750 «3000
69040000 1.000
.3750 «3000
600.00C0 1,000

12.1000
2.0800

12.1000
47.0000

12.1000
«7200

12.1000
47.0000

12.1000
«7200

12.1000
» 7200

12.1000
«7200

12.100¢0
«7200

12.1000
«7200

12.1000
«7200

12.1C08
#7200

12,1080
«7200

121000
7200

1241000
<7200

12.10C0
« 7200

12.1000
«7200

121000
«7200

12.1000
«7200

12.1000
«7200

12,1000
<7200

121000

« 7200

12.1000
<7200

«6984
« 0579

+6984
1.3902

«6984
«C248

«6384
143802

«5984
«02a2

«6924
#0248

«6384
«C243

eEFR4

« 2248

«6984
«2283

5584
«0248

«6334
0248

«6324
024k

6334
e 0248

«£98¢4
e0244

«6984
«0248

«6984¢
«0248

»6984
«0248

«698¢
«0248

«6984
« 0248

6384
«0248
«£384
«0248

<6384
«0248
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87

88

a9

90

91

" 92

93

99

936

97

98

39

102

193

104

106

107

1088.0000
10.000
«2000
10890009
10.000
22000
1090.0000
9.0000
#2000
1091.,0000
9.0000
#2000
1092.0000
5.0000
«2000
1093.0000
5.0000
«2000
1094,.0000
5.0000
1.1463
1095.0000
50000
1.1463
1096.0000
5.0000
11453
1097.9230
$.0000
1.1453
1098,0000
$.0000
1.14€3
1099.3302
540009
11463
1100.0000
5.0000
1.1463%
1101.7002
5.0000
1.1863
1102.0000
5.0000
1+1063
1103.0009
5.0000
lel4€?
1104.0007
5.0000
11463
1105.0000
10.0090
#2000
1106.7000
3.0200
«2030
1137.0000
540000
»2000
1102.00C83
540000
2000
1109.0002
$.0003
«2000

1.0090
19.000
1202047
1.000
10.000
11.6688
1.000
9.0000
1402175
1.000
S.0000
13.6732
1.000
$.0000
34,6484
1.000
£.0000
52.8596
1.000
5.0000
1.7112
1.000
540000
T.6316
1000
€.0000
192602
1.0170
S.0000
13.5225
1.000
€.0000
24e€913%
1.00C
<.02320
9.7675
1.209
€.300¢C
TJE3TC
1000
$e¢3000
99343
1.022
£.0C00
S5« 7031
1303
e300
€.2702
1.000
50000
3.309%
1300
13.200
21.4763
1.000
8.0000
21.0467
1.000
5.0000
64429
1.000
4.0000
47.0331
1.000
5.0000
Te9462

240003
L7200
1€.1606
2.0000
1.6300
24,5092
2.0090
2.0000
23,9533
2.0000
1.9100
22,5390
2.0000
4,8400
17.7263
2,0000
2.2200
19.8382
2.0000
1.3700
2,6859
2.0000
641100
1041615
240930
15,4200
1447992
2.0020
15.6300
14.8578
2.0000
19.7790
16,0327
2.0000
7.8209
11,3953
2.0200
3.1200
648910
2020
7.933¢C
11,4651
2.0020
445700
f,7334
2.0000
€.9210
9.1740
2.0000
3.0990
646376
240000
2.0000
30.6695
2.0006
249400
24,3740
2.0000
<9000
9.3149
2.0000
65700
15,4024
240000
11100
104351258

1.000
4,5700
2.516%

1.000
3,0700
2,4569

1.000

10,7800
2.6619

1.000
67000
2+5154

1.000
4.6200
21,5453

1200
2.3800
1.96756

1.000
14700

¢95372

1.000
543300
2.0323

1.0C0

12,4300
2.9580

12000
3.9100
263714

1.000
2eR301
322359

1.200
9,%200
262791

1200
%.59090
143402

13690
8.5300
2.2933

1.000
745500
1.7419

1000
642700
1.8353

1.000
3,1900
1.2278

1.000
1.7300
1,J05%69

1.009
206500
1,04867

1.0990
£+0700
1.3630

1000
84,2000
3,23093

1000
Re1600
2.0727

61

70040009
1250000030

700.0000
1250040000

7000000
125000000

73040000
12500.0000

700.0009
1250040000

800.0000
1259040030

700.0000
12500490000

700.00C0
1250C.0003

7000000
1250040000

700400090
1250049000

70040000
125000000

70040000
1250040000

70040000
12500490390

70040009
1250040000

700.0900
1250040000

7000000
1250040000

70040000
12500,0000

700.0000
12500.0000

700.0000
1250C.0000

70040030
1250040000

700.0000
125000000

70040000
1250040000

«3750
600.0030

«3750
6.50C00

3790
600.0620

«3750
60040000

«37%0
215.0000

«3759
215.000C0

«3750
17.0300

«37%0
T77.00C0

«3753
77.0930

«3750
770399

3750
77.00C3

«3750
17.0000

3750
77.00C2

«37%0
77.0000

3750
T7.00C0

«37%0
77.20071

3750
77.3000

«3750
600.0020

«3750
600.00C0

3750
6000020

«3750
60040000

«3750
6003320
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3000
1.000

«3000
1.000

«3000
1.000

«3000
1.000

«7000
1.000

«7000
1.000

1647000
1.000

1€47000
1.000

16.7000
1.000

1€.7000
1.000

167000
1.000

1€.7000
1.000

1€.7000
1.000

1€.7000
1.000

1€.7000
1.000

1€.7000
1.000

1€.7000
1.000

«3000
1.000

«3000
1.000

«3000
1.000

«3000
1,000

«3000
1.000

12.1000
<7200

12.1000
«7200

12.1000
«7200

12.1000
«7200

12.1000
4.8000

12,1000
4.8000

12.1000
47.0000

12.1000
47.0000

12.1000
47.0000

12.1030
47.0000

12.1000
47,0000

12,1000
47,0600

12,1000
47.0000

12.1000
47.0000

12.1300
47,0000

1241000
47.00C0

12.1000
A7.0000

12.1000
«7200

12.1000
«7200

12.1000
«7200

12.1000
«7200

12.1002
#7200

«698¢
0223

«698¢
+0248

«6984
«0248

«6984
«0248

«6984
«0579

«2100
«0579

6984
1.3802

«6984
1.3802

«6984
1.3802

«6984
1.3802

«6384%
143802

«6984
1.3802

«6984
1.3802

<6384
le3822

«£G8%
1.3802

«6984
1.3802

5986
1.3802

26384
-0248

6984
«0za8

<6984
0208

«69R4
«0248

«€984
0248
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104

109

113

112

113

123

122

123

124

125

126

127

128

1110.0000
7.0200
«2030
1111.0009
$e0000
«2000
11120000
5.0000
+2000
1113.0000
540000
«2000
1114.0000
540000
#2000
1115.0000
10.000
«2000
11160300
10.000
«2000
1117.0029
10.2039
#2000
1118.0000
10.000
#2030
1119.079)
10.009
«2099
1129.0220
10.000
«2000
1121.0007
60000
«2000
1122.0000
640232
2000
1123.0000
10200
«2000
112440300
10.9¢C0
#2000
11250000
10.000
«2032
112640900
10.000
«2300
1127.0000
10.090
#2030
1128.0000
10,000
«2000
1129.0000
10.200
2300
1130.0000
10000
«2000
1131.0000
10000
#2000

1.000
7.0000
17.1810
1.000
Sed200
3.B657
1.000
5.0000
S.8702
1.000
5.0000
241476
1.000
S.0000
15748
1.000
10.000
52259
1.000
10.000
12.8880
1.000
10.000
4.00R9
1.000
10.000
10,5234
1.000
10.000
13.6016
1.000
10.009
Te9452
1.000
640000
2344233
1.000
€.0000
31,0735
1.000
17.000
11,0265
«230
10.0¢00
7.1588
1000
10,000
103939
1.000
10.000
S.0111
1.000
10.000
7.2303
1.000
10.000
604429
1.000
10.000
264.6977
1.000
10.000
24,1966
1.000
10.000
12.8142

240002
244200
19.906¢
243000
.5412
€eT7608
242000
-8290
88494
2.0000
«3000
1.8218
240009
«2200
2e2710
240000
7300
1645362
29000
1.9409
2643102
29000
«5620
13.8852
2.0090
1.4700
2345360
240070
1.9000
2641019
202300
141100
2047270
242020
3.3000
12.9715
2.0000
4.6200
20.3924
2.2000
145490
24.0012
240000
14000
15.5824
240000
1.4100
23.1193
2.0000
#7000
16,1166
b.0000
1.0100
18.7829
2.0000
«9000
18,6298
2.0000
2.4500
22,0671
2.0000
3,387
31.8621
240000
1.7900
25,5055

1.000
340400
208438

1.000
143600
143522

1.000
3.2200
17699

1.000
247300

oT644

1.000
247300

04542

1.000
4«5700
1.6536

1.000
4.6600
246310

1.000
3.5900
1.3885

1.000
4+6A00
243536

1.000
38100
246102

1.000
3.0900
240727

1.000
3.4200
31623

1.000
2.7100
1.4987

1.000
245700
2.4001

1.000
2.1000
1.9683

1.000
Te4900
243119

1.009
Je6700
1.6117

1.000
S.8109%
1.9783

1.000
3.7500
1.8630

1.000
Se7400
Je2067

1.000
7+05090
3.1862

1.000
540000
2.5306

62

700.0000
1250040000

7000000
1253040000

7000000
12500.3022

700.0000
1250040000

7C0.00020
1250040009

700.0020
12%00.,0000

7000900
12500.0000

T00.0000
12500.0000

700.0000
1250C.00090

7000000
125000000

700.0000
1250040000

700.0000
12500.0000

700.0000
12590.0000

700.0000
12500.0000

700.0000
12500.9000

700.0000
12500.0000

700.0000
1250040000

7000000
12500.,0000

700.0000
12500.0000

700.0000
1250040000

700.0000
12500.0000

700.0000
12500.0000

.
«3150
600.0300C

«3750
215.,0000

«3750
215.0000

«3750
600.0000

«3750
600.,0000

«3750
600.0000

«37%0
600.0000

«3750
6000000

+37%0
600.0000

«37%0
630.0000

«3750
602.0000

«3750
300.0000

«3759
303.0000

«3750
400.,0000

«3750
40040030

3750
60040000

3750
60040000

«3750
603.0000

3750
600.0000

«3750
600.0000

«3750
60040000

«3750
600.0CC0

COTRITIPS. LT R Y

AL79T027
.3000 12.1000
1.000 #7200
. 1000 12.1000
1.000 4.8000
«7000 12,1000
1.000 4,8000
+3000 12.1000
1.000 «7200
+3000 12,1000
1.000 . 7200
#3000 12.1000
1.000 <7200
2000 12.1000
1.000 .7208
+5000 12.1000
1.000 <7200
43000 12.1000
1.000 £7200
«3000 12.1000
1.0C0 .7200
+3000 12,1000
1,000 .7200
«7000 12.1000
1.000 2.4000
.7000 1241200
14000 2.4600
<6000 12.1000
1.000 1.64000
$£000 12.1000
1.000 1.4000
«3000 12.1000
1.000 <7200
+3000 12.1000
1.000 .7200
+3000 1241000
1.000 «7200
+3000 12.1000
1.000 »T7200
+3000 1241000
1.000 «7200
.2000 12.1000
1.000 .7200
«3000 1241000
1.000 .7200

«6984
«0248

«6984
«0573

«6984
<0579

«6984
«0248

«6984
«0248

«6£3784
+0243

«6384
248

«6984
0248

<5384
«0248

<6984
+0248

«6984
2248

«6984
20579

«6384
#0579

«5984
<0436

<6984
«0496

«6984
«0248

«69849
«0248

«6984
«6248

«6984
0248

«6384
«0248

«698%
0248

«6984%
«0248
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132

133

134

137

138

139

140

145

147

148

149

150

1132.0000
10,000
«2000
1133.0000
840000
2000
1134.0000
5.0000
«2000
1135.0000
9.0000
«2000
1136.0000
10.000
«2000
1127.0000
9.0000
2000
1138.0000
9.0000
«2000
113%9.0008
10.000
«2003
114049000
50309
02000
1144.0002
5.0000
«2000
1145.0000
10.900
«2030
114640222
13.300
#2000
1147.0000
5.0000
«2000
114843C90
5.0000
20309
1149,3000
10902
«20090
1151.0200
542000
#2000
115240000
540000
2000
1153.3990
540009
#2900
1154.38C0)
540000
«2000
11550303
50390
«2273
113640002
5.0000
#2003
115743029
540000
«2200

1000
10.000
7.3735

1.000
B.0000

13.0289

1000

S.0000
78.1021

1.000
9.000¢

10.165¢

1.000
10000
4,1521

1.000
9.0000
4,5816

1.000
9.0000
7.5167

1.000
13.000
EJESTE

1-300
5.0000

3346452
1029
<0000
48,5796

1.000
10.000
A, 248

1.032
10.7C2

2re30R7
1.02°0
5.00233
1:,7174
1.00¢
50030
23.A21R7

10000
10.000
4,939¢

1.000
50000
1.6599

1.000
$.C000
6.2997

14000
5.0000
9.5212

1.000
£.0000
78748

1,000
5.0000
1.5078

1.000
5.00300
2.723¢

1.023
£.3002
29351

-
20000
1.0300

19.9789
2.0000
1.8200

235374
200000

10.9130

2147901
2.0000
1.42120

20.8719
20000

5820

18,2361
2.0000

«6400

13.6974
20000
1.0500

14,1591
240900

9300

18,9577
2.0000
47000

17.579¢
243000
£.8010

1245410
2.0000

«5600

15.5282
24007
35402

33.4459
2.0000
4.71990

17.53971
2.030C
te3320

1%.R%€%
2.0209

«6900

189727
2.05307

«27N00

10172990
240003

8803
92025
290009
1.330¢0

1142475
£.0029
110030

10431K2
240009
+4990
6.2749
2.0000

« 3800
Z.0738
240000

4100
547,37

1.000
246300
1.9979

1.000
5.5000
245672

1.000
447700
4+3580

1.000
24109
243196

1.000
2.8720
1.4236

1.0030
3.6700
1.5220

1.000
7.7800
2.0171

1.0C0
6495070
1.83%8

1.06¢
4.4000
1.5189
14060
1€. 7300
Y.RA°Y

1.920
Jeb200
1.5524

1.00
a,27C0¢
Yed4ay

1.029
6.210¢C

.21P0

1.Ca0
J.4300
lel 1N

10206
T.R900
1372

1.000

11.92¢2
2.0%0

1.0002
71502
1.2405

i.c00
9.6400
2+2%%%

1.200
7.0800
2.0636

1.000

12.&930
1.2559
1.900
15.070u4
12008

1000
7.9300
107¢7

63

70C«0000
12500400090

700.0000
1250040000

700.0000
12500.0000

700.0900
1250040000

7002.0209
12500.0032

700.0200
1250040090

700.0000
12500.0000

700.2307
12500.0000

70009230
1250G.0000

70040000
12560.0000

76C.0000
12€0Nn.000°0

70C.0030
1290C.7000

Tul«0920
12500.709%0

700.0003
125C0.00090

70040030
120060230

70C.0200
1250040000

70C.0000
12550.0000

700.0000
12500.0000

700.0000
1250049000

70C.0002
12500.0000

700.0000
1250040000

700.0000
1250040000

«3750
600.5009

3750
600.00C00

«37%0
600.0000

«3752
600.0028

«3752
600.0000

«37590
69040029
«3750
600.000C

#3750
600.0000

«3750
600.0092

«375°
€00.0090

3750
60040207

0370

€00.0202

«37150
€00.00C0

« 37220
6£00.020C

«375¢C
600.,2020

«3750
350.,2000

«3750
35060000

«3750
35040000

«3750
35040000

«2753
60040300

«1750
600.0000

«3750
6000000

AL79T027
«3000 12,1000
1.080 «T200
«3000 12.1000
1.000 «7200
«3000 12.1000
1.000 «T200
« 5000 12,1000
1.000 <7200
«30C0 12.1000
1.00¢C «T200
#3000 12.1000
1.000 «7200
«3000 12.1C00
1.000 #7200
«2000 12.1000
1.000 «7200
«3000 12.109%0
1.000 «7260
«30C0 12.1000
1.000 «7209
«2000 12.10C¢
1.000 «7200
«20C0 12.1C09
1.000 «7200
«3000 12.1000
1.000 «7200
«5000 12.1C00
1.000 «7200
«3000 12.1000
1000 <7200
24000 12.1000
1.000 1.8300
3.4000 12.,10C0
1.000 1.8300
«7000 12,1000
1.000 1.8300
«7000 12.1000
1.000 1.8300
«3000 12.1000
1.000 «T200
<2000 12.13800
1.000 «7200
+3000 12.1000
1.000 <7200

698"
«02nF.

6984
<0248

«6984
«0248

«6984
«0208

6984
0248

«6984
«0249

«698¢
«0248

«6984
0242

6984
+0248

«6984
«0248

«6384
«0248

6984
«0246

«63R4
o0268

6984
0248

6384
20208

«6984
«2310

«6984
«2810

«6984
«0579

«6984
0579

«638%
0248

6364
22248
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